Is age-related failure of metabolic reprogramming a principal mediator in idiopathic Parkinson's disease? Implications for treatment and inverse cancer risk.
Idiopathic Parkinson's disease (IPD) is a neurodegenerative disorder characterized by selective degeneration of the substantia nigra pars compacta (SNc), dorsal motor nucleus of the vagus and other vulnerable nervous system regions characterized by extensive axonal arborization and intense energy requirements. Systemic age-related depression of mitochondrial function, oxidative phosphorylation (OXPHOS) and depressed expression of genes supporting energy homeostasis is more severe in IPD than normal aging such that energy supply may exceed regional demand. In IPD, the overall risk of malignancy is reduced. Cancer is a collection of proliferative diseases marked by malignant transformation, dysregulated mitosis, invasion and metastasis. Many cancers demonstrate normal mitochondrial function, preserved OXPHOS, competent mechanisms of energy homeostasis, and metabolic reprogramming capacities that are lacking in IPD. Metabolic reprogramming adjusts OXPHOS and glycolytic pathways in response to changing metabolic needs. These opposite metabolic features form the basis of a two component hypothesis. First, that depressed mitochondrial function, OXPHOS deficiency and impaired metabolic reprogramming contribute to focal energy failure, neurodegeneration and disease expression in IPD. Second, that the same systemic metabolic deficits inhibit development and proliferation of malignancies in IPD. Studies of mitochondrial aging, familial PD (FPD), the lysosomal storage disorder, Gaucher's disease, Parkinson's disease cybrids, the mitochondrial cytopathies, and disease-related metabolic reprogramming both in IPD and cancer provide support for this model.